The aim of this investigation is preparation of Mitomycin-C encapsulated with chitosan nanoparticles synthesis using ionic gelation technique for intravesical controlled drug delivery systems. This study was conducted in vitro. Cumulative amount of drug released from the nanoparticles was calculated. Mitomycin-C release studies were examined for different pH values. During the drug loading and release studies, initial amount of drug was changed (i.e., 0.5, 1.25 and 2.5 mg) to get different release profiles and the release studies were repeated (n = 6). The loading efficiencies of Mitomycin-C with three different initial concentrations 0.5mg/ml, 1.25 mg/ml and 2.5 mg/ml into chitosan nanoparticles were 54.5%, 47.1% and 36.4%, respectively. For different pH values, the cumulative releases of Mitomycin-C from chitosan nanoparticles were 47% and 53% for pH 6.0 and 7.4, respectively (p < 0.01). For different drug doses, the cumulative releases of Mitomycin-C (MMC) from Chitosan nanoparticles were 44%, 53% and 65% for 0.5 mg/mL, 1.25 mg/mL and 2.5 mg/mL respectively (p < 0.01). The anticancer activity of Mitomycin-C loaded chitosan nanoparticles was measured in T24 bladder cancer cell line in vitro, and the results revealed that the 2.5 MMC coated Chitosan nanoparticles had better tumor cells decline activity. From this investigation, we conclude that the drug encapsulated synthesized chitosan nanoparticles possess a high ability to be used as pH and dose responsive drug delivery system. This systematic investigation demonstrates a promising future for the intravesical installation in treatment of the superficial bladder cancer.
Introduction
Bladder carcinoma is one of the most predominant malignancies of the urinary tract. Most bladder tumors are superficial at the diagnostics stage, since the symptoms are nonspecific and may be linked with many other conditions. Many urothelial cell carcinomas diagnoses are not invasive, since they go no deeper than the superficial layer (mucosa) of the bladder [1] . These tumors not only can be treated by surgical resection but also adjuvant intravesical installation of Bacille Calmette Guerine (BCG) and other chemotherapeutic agents including Mitomycin-C (MMC), Epirubicin, Doxorubicin and Adriamycin [2] [3] [4] [5] . Additionally, Mitomycin-C, Epirubicin and Doxorubicin can be used for a single, immediate, post-operative intravesical instillation after resection of the tumor [6] [ 7] . MMC is frequently used as an intravesical agent. However, the optimal dose usage and installation frequency of the MMC is somewhat controversial [8] . At present, some methods such as microwave-induced hyperthermia or electromotive drug administration, have been known to increase efficacy of MMC, however, the optimal usage of MMC has not been described [9] . It is further known that MMC should be administrated for an extended period with repeated dose administration to prevent of further tumor recurrences and progression. The optimal MMC molecule demonstrates certain characteristics, such as long-acting, reduced administration of repeated dose, reduced side-effect and low dose requirement, however there is no known ideal MMC molecule.
Drug delivery systems employ specific technologies that focus mainly on targeting release or delivery of drugs or any substance that is of medicinal importance. As an example, controlled drug release systems using anti-neoplastic drugs are currently being investigated by several researchers. The nanomaterial landscape is immense since well-characterized polymers, lipids, peptides and proteins, sugars, and surfactants that can be engineered into novel Nano formulation platforms. Liposomes, dendrimers, and nanogels have been used for both controlled drug delivery and cell growth scaffolds and are presented in many nanomedicines and will appear, to some extent, also in the nanomedicines in the future [10] [11] . Using advanced nanomaterials, such as functionalized quantum dots (QDs), nanoparticles can pave the way towards improved nano-bio systems with minimal resources, reduced health hazard and environmental friendly impacts [12] [13]. It has been further reported that major challenges in drug delivery, with synthesized drug delivery carriers' molecules, are their accumulations in the targeted cells, targeting a specific tissue with nuclear uptake and endosomal transfer [13] . Additionally, many other materials of therapeutic relevance, can cure properties and ability to chelate metal ions. Chitosan nanoparticles also have similar but more optimized properties than the normal chitosan solution, as revealed in a study that compared insulin chitosan solution and its nanoparticles, in which the nanoparticles showed more effective treatment in lowering the blood glucose level, more optical characteristics and its presence in the physiological environment is also less [17] . Chitosan nanoparticles was synthesized using a novel technique based on ionic gelation using sodium tripolyphosphate (TPP) as cross-linking agent TPP and the particles are known to have a different morphology and surface characteristic [18] . In this method, the TPP solution flows through the pores of a micro engineered membrane into the chitosan solution put in a stirred cell. The ionic cross-linking method is the most common among physical cross-linking techniques since the preparation procedure is sim- 
The Synthesis of Chitosan Nanoparticles
Chitosan nanoparticles were synthesized by using ionic gelation technique [18] .
In a typical procedure, low viscous chitosan (% 0.5 w/v) was dissolved in 1%
Glacial acetic acid solution. The pH of the prepared chitosan solution was adjusted to 4.5 by drop wise addition of 10 N NaOH. After pH adjusting, 4 mL of tripolyphosphate (TPP) (0.25% w/v) solution was dropped into 12 mL of chitosan solution. The resulting solution was mechanically stirred for 1 hr. at room temperature. The chitosan nanoparticles thus formed were recovered by centrifugation at 12.000 rpm for 30 min and was subsequently washed three times followed by freeze drying for further studies.
The Characterization of Chitosan Nanoparticles
Dynamic Light Scattering (DLS)
After centrifugation, the supernatant was decanted and the nanoparticles were suspended in 2 ml of distilled water using ultra sonication. The charge of the nanoparticle and their mean size were measured by using Dynamic Light Scattering (Malvern Instruments, Model 3000 HSA, England). The nanoparticle zeta potential was determined in distilled water. Analyses were performed in triplicate at room temperature.
Atomic Force Microscopy (AFM)
Morphological evaluations of chitosan nanoparticles were realized with an Atomic Force Microscope (AFM) (Nano magnetics, Turkey) that was used to obtain AFM images of nanoparticles. Samples were prepared by pouring the solutions on a mica surface. 20 μL solution was dried at room temperature before analysis.
Fourier Transform Infrared Spectroscopy (FTIR)
Physicochemical characteristics of free drug MMC, chitosan nanoparticles and MMC encapsulated chitosan nanoparticles were analyzed by Shimadzu IR Prestige 21 model FT-IR spectroscopy. 
MMC Loading Studies
MMC was also confirmed by the FTIR studies.
In Vitro Release Studies
In vitro release analysis was carried out in a double-cell system mimicking the urination system including a dialysis membrane bag (molecular weight cut-off was 12 -14 kDa) between the cells. 5 ml of phosphate buffer solution (pH = 7.4) was put into one side and drug loaded lyophilized nanoparticles as well as specific quantity of MMC were suspended in 5 ml PBS and put into another cell.
During the drug loading and release studies, the initial amount of MMC was 
In Vitro Cytotoxicity Studies
The standard MTT assay was performed to determine bare NPs and drug loaded nanoparticle toxicity. T24 cells were cultured in DMEM medium with additional Viability percentage 100
where AT is the Absorbance of treated cells and AU is Absorbance of untreated cells. The cell viability graph is drawn using the mean absorbance of three independent replicates.
Statistical Analysis
All measurements were calculated as the mean ± standard deviation (SD). Oneway analysis of variance (ANOVA) was adopted in the analysis of the results with the Student-Newman-Keuls multiple comparisons or t-test when comparing the differences between the means of two groups at the same time point. The statistical significance was benched at <0.05 probability.
Results and Discussion

Size Distribution of CS and MMC/CS Nanoparticles
In this study, chitosan nanoparticles syntheses were carried out through ionic gelation technique and MMC was loaded successfully to these nanoparticles.
Morphological evaluation showed that the obtained nanoparticles were sphere like in shape with a narrow size distribution range at around 140 nm as shown in dynamic light scattering output and the polydispersity (Q) was 0.370. It is further
shown that the obtained nanoparticles were sphere like in shape with a narrow size distribution range at around 140 nm as shown in dynamic light scattering output.
The size of chitosan nanoparticles was smaller than 200 nm, which due to the chitosan nanoparticle size, allows for targeting and accumulation in cancerous tissues [21] . Such a range of nanoparticles may accumulate more accurately in tumor due to the enhanced permeability and retention (EPR) effect, which is often regarded as "passive" targeting [22] . As shown in Table 1 , polydispersity indices of chitosan nanoparticles (CS) and MMC encapsulated chitosan nanoparticles (MMC/CS) were lower than 0.4, indicating the size distributions of nanoparticles were narrow and formulations of nanoparticle were mono dispersed in size distribution. Compared to the size results of nanoparticles and drug carrying nanoparticles, the encapsulation of MMC moderately increased the size of the nanoparticles as the ionic interaction that exist among the chitosan TPP can be affected by drug loading. Drug anions can engage the CS cations due to the hydrophilicity of MMC in aqueous solution. This on the other hand can hamper the CS and TPP interaction. This may be more advantageous and usable. We think that these nanoparticles have some advantage such as easy and simple administration, easier and simpler contact to bladder epithelium. Therefore, this MMC molecules synthesis with chitosan nanoparticles should be more suitable for a low drug releasing system. However, further studies will further examine the advantage of nanoparticles. Particle size and zeta potential are two major parameters for assessing nanoparticle stability. As particle size ensures the spread of nanoparticles around the body, its stability is governed by zeta potential. Nanoparticles with zeta potential above ±30 mV show relatively stable nanosuspension [23] . Also, it's been proven that the nanoparticles intra-cellular distribution is affected by its zeta potential affect [24] . As the Zeta potential of the nanoparticle increases, their stability also increases. Furthermore, it's been proven that the nanoparticles charge density contributes to its binding to cancer cells. Therefore, charged nanoparticles are ideal for cancer treatment. To show the stability of nanoparticles, the zeta potential was investigated. In our study, the zeta potential values of chitosan nanoparticles were identified to be +32 mV, indicating net positive surface charge. Zeta potential decreased with the increasing of MMC amount, while the diameter of the drug encapsulated nanoparticles increased with loading of MMC. This showed that the increase in the amount of MMC reduced the interaction among TPP and CS, resulting in less compact structures. As assessed by AFM, the nanoparticles were well separated and no aggregation was observed. The mean diameters of nanoparticles obtained by AFM were less than the values measured by DLS due to the dried, dehydrated and shrunk nature of nanoparticles.
Morphology
Surface Chemistry of CS and MMC/CS Nanoparticles
The FTIR results revealed the structural properties of MMC and MMC loaded chitosan nanoparticles (Figure 2 ). It further demonstrates the comparison between unloaded and loaded nanoparticles. The minor changes in the absorption Journal of Biomaterials and Nanobiotechnology Figure 1 . (a) AFM image of chitosan nanoparticles. Chitosan nanoparticles were synthesized by using ionic gelation technique. AFM images were obtained by Nano magnetics Equipment, Turkey, using mica surface. The images were adjusted in the X and Y plane,. Scanning area of 5 μm ×5 μm; (b) Diameter distribution of chitosan nanoparticles. The AFM image of chitosan nanoparticles in the solutions showed a mean average size under 140 nm that was adapted with the result of DLS showed in Table 1 . Journal of Biomaterials and Nanobiotechnology wei et al. [26] . There was a change between 3600 and 2800 cm 
Determination of Drug Loading Efficiency
The intravesical therapy aims to eliminate the active tumor cells which have the probability of implantation in the bladder mucosa after tumor resection. MMC usually preferred for the intravesical chemotherapy, is an alkylating agent with the molecular weight of 334 kDa. It is an antineoplastic, and inhibits the synthesis of DNA [27] . Although it is not clear, it is usually suggested the dose of MMC is 40 mg per week intravesical (total 6 -8 weeks). This administration of MMC has several disadvantages such as adverse effect due to repeated installation, need for administration weekly and frequent hospital visits. An ideal approach is Journal of Biomaterials and Nanobiotechnology to decrease the dose and frequency of MMC administration. Alternatively, the frequency of administration and drug dose should be optimized for the treatment of superficial bladder tumors. At the present time, there is no ideal form of MMC for intravesical chemotherapy. In this study, a low in vitro drug release system was performed with the synthesized MMC encapsulated chitosan nanoparticle. The amount of released MMC molecule was evaluated using a PBS system for the different doses of loaded MMC at neutral pH. Results were compared with the standard (nonencapsulated) MMC molecules. MMC is a well-known chemotherapeutic agent because of its antitumor antibiotic potential and was chosen as the antitumor drug model in this work. MMC is a highly hydrophilic drug hence, it possesses high affinity to an aqueous phase and drug release is very rapid.
In our study, Table 2 shows the entrapment efficiency (EE) and drug-loading efficiency (LE) of MMC with three different initial concentrations 0.5 mg/ml, 1.25 mg/ml and 2.5 mg/ml into chitosan nanoparticles were 55%, 47%, 36% and 19%, 25%, 39% respectively (Table 2 ). This disclosed well continued release execution, efficient, and loading capacity [28] . It was seen that the high drug loading resulted in low drug encapsulation efficiency [29] . When the drug concentration was increased, the nanoparticulate system showed tendency to protrude the drug outside.
In Vitro Drug Release
The release profiles of MMC-CS nanoparticles at varying pH values showed that for all the nanoparticle formulations, there was an initial fast release of the drugs, but it tends to slow down. Over longer period CS nanoparticles released 47% and 53% at pH of 6.0 and 7.4 respectively (p: 0.012). Therefore, pH of 7.4
conditions lead to the maintaining of MMC stability. Previous studies have reported that MCC are liable to denaturation when placed in acidic medium [30] .
This poses as one of the setbacks to the use of MMC for intravesical drug delivery with MMC due to its denaturation to acid which leads to possible loss of the therapeutic dosage. This, on the other hand may hamper the unloading of the drug in the release medium (Phosphate buffer, pH 6.0), thereby leading to lower MMC release percentage due to the degradation of the release free drug. In this study, formed in vitro system, we concluded that the higher pH, the higher are the released MMC molecules with synthesized chitosan nanoparticles. Because Table 2 . Entrapment efficiency (EE) and drug-loading efficiency (LE) with different drug concentration. as potassium citrate [31] . In our in vitro system, when the urinary pH is increased by orally alkalinizing agent, the efficiency of MMC molecules with synthesized chitosan nanoparticles may be more than conventionally intravesical MMC. It can be concluded that according to our hypothesis, this drug system can be adjusted to low releasing and can be modified of pH by orally alkalinizing agents. Therefore, this system should provide a more effective treatment modal- In the release studies, it was obvious that drug release was significantly affected by the earlier concentration of drug [31] . MMC/CS had a longer time release than free MMC. At the end of the 1440 min. period, 44%, 53% and 65%
MMC was released from loading doses in 7.4 pH PBS solution for 0.5 mg/mL, Release studies were carried out by using two different release medium, phosphate buffers at pH 7.4 and pH 6 in order to simulate the physiological condition and urinary condition respectively. Journal of Biomaterials and Nanobiotechnology of its Zeta potential, and depicts an intense interaction that exist between the polymer matrix and drugs. Nanoparticles that are loaded with drugs of varying initial low concentration tend to release drugs much faster because of surface area to volumetric ratio. Furthermore, when compared to nanoparticles much smaller in size, diffusion of the drug out of the inside of the nanoparticle with a large diameter size takes longer time interval; hence leading to much slower release of MMC. Gam and Wang [33] , reported a similar drug release pattern with BSA loaded chitosan nanoparticles (Figure 4) . The nanoparticle release of drug relied on the swelling process rather than erosion or degradation. It is predicted that 100% drug release can be realized in the colon after 4 -5 hrs with the presence of enzyme. Also, the method of release demonstrates that collective drug release can be adjusted by varying the initial concentration along with the pH of the release medium.
In Vitro Cytotoxicity Study
Mitomycin is a cancer drug that is currently used intravesically for the rapid treatment of bladder cancer. Thus, it is extremely important to ascertain the effect of mitomycin nanoparticles formulation against different cancer cell models. Cytotoxic effect of free drugs, CS nanoparticls and three different dosages of MMC loaded CS nanoparticles against human bladder cell lines T24 were ascertained by MTT assay as shown in Figure 5 .
Different nanoparticles formulations, concentrations and dosages (12.5, 25 and 50 μg/l) were used against T24 cells after 24 hr treatment. From the result presented in Figure 5 , different dosages (12.5, 25 and 50 μg/l) of free MMC showed clear reduction in cell viability in comparison to the control (Untreated cells). Also, the cytotoxicty of free MMC started at lower dosage 12.5 μg/l but showed more decrease at 50 μg/l and it revealed that, the cytotoxicity of free MMC is completely dose dependent. It has been reported that, the activity of Mitomycin C against different human cancer lines has to do with inactivation of gluthathione S-transferase and also activation of DT-diaphorase [34] . Also, one of the most active components in Mitomycin C that has anti-cancer activity has shown about 20% response rate and study was carried out against gastro-intestinal cancers [35] . Mitomycin can also induced cytotoxicity in cancer cells by decreasing Rad51 expression and activation of AKT [36] . Journal of Biomaterials and Nanobiotechnology
The native CS nanoparticles also showed decrease in cell viability upon comparison with the untreated cells but in this case all the dosages (12.5, 25 and 50 μg/l) almost revealed similar effect. The cytotoxic effect in Bare CS nps is not dose dependent as in free MMC which showed more decreased in cell viability as the dose increased. The results of this study are in agreement with the work done by Deng et al. [37] which revealed that nanoparticles are very prominent and effective in the treatment of cancer independent of the dosage.
The activity of different concentration of MMC/CS nps (0.5, 1.25 and 2.5 μg/l) were also studied against the same cell lines and three different dosages were used. And the result showed promising decrease in cell viability with an increase in concentration. The highest concentration used showed more cytotoxic effect than the previous lower doses. Chitosan is very useful in the treatment of many diseases, more especially in cancer therapy. And as a native polysaccharides when combined with highly anti-cancer drugs, it will serve as a carrier for that drug to achieve an efficient treatment [38] . A combination of Mitomycin C and Chitosan nanoparticles revealed a decrease in the cell viability and is dose dependent.
Conclusion
In the treatment of superficial bladder cancer, MMC can be used instead of BCG (Bacille-Calmette Guerine) which has very high side effect. Synthesized nanoparticles, notwithstanding excellent association with MMC, are infrequently used for long term efficacy. In this investigation, ionic gelation technique was adopted to produce anticancer polymeric nanoparticles containing MMC using the high solubility of MMC in water, with great impact on the zeta potential, efficiency of encapsulation and the particle size of CS nanoparticles. Studies of the in vitro drug release reveal a steady state release of MMC by the nanoparticles. Nanoparticles that are bioadhesive are intravesically introduced into the body with ease, as the coated bioadhesives make it possible for adhesion of nanoparticles to the walls of the bladder. Since CS possess hydrophilic surfaces and are biocompatible, they can stay for a longer time period in the blood stream. In line with the findings of this study, it is concluded that the drug encapsulated chitosan nanoparticles that were synthesized possess higher ability to be adopted as a pH sensitive drug delivery system and hence show a great promise for intravesical installation.
